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ABSTRACT 
F ield data on crop susceptibility factors (CS) and stress-day factors (SEW30) were reviewed and 
evaluated. The effects of CS factors and their 
corresponding values of normalized crop susceptibility 
factors (NCS) on the relationship between stress day 
index (SDI) and relative yield (RY) were evaluated. 
Different sets of CS and NCS values for corn, obtained 
from different locations in the world, were also 
compared. 
The results of this study indicate that the relationships 
developed between SDI and RY by using CS factors will 
be significantly different from the ones developed by 
using the corresponding NCS factors. Also, the use of CS 
values from other locations could be acceptable for 
calculating the SDI values for drainage design if local 
data on SEW30 factors are available. 
INTRODUCTION 
Soil-water-plant systems vary continuously under field 
conditions. Evaluating the effect of the physical 
conditions of soil on plant growth requires the 
integration of these conditions over time during the 
entire growing season. One of the parameters that affects 
plant growth significantly is water table depth 
(Wesseling, 1974). High water table conditions in the 
field will restrict the growth of roots, rendering plants 
more susceptible to disease, nutrient deficiencies, and 
development of toxic substances. The main reason for 
these problems is the lack of oxygen caused by a high 
water table. Excessive soil water conditions in the root 
zone are always accompanied by oxygen deficiency, and 
roots are injured if continuous waterlogged conditions 
prevail (Williamson and Kriz, 1970; Bradford and Yang, 
1981; Williamson and Van Schilfgaard, 1965). Kanwar 
et al. (1983,1984) reported that inadequate drainage was 
responsible for average crop production losses equal to 
32% of maximum production potential, and in naturally 
poorly drained soils (with excessive soil water 
conditions), 100% crop production losses were expected 
in 4 out of 10 years. 
The literature on the effects of excessive soil water 
conditions on the growth of various crops has been 
reviewed by several research workers from time to time 
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(Russell, 1952; Van Woudt and Hagan, 1958; 
Patwardhan et al., 1988). Most of the available research 
data show that crops vary significantly in response to 
time and duration of flooding. Joshi and Dastane (1966) 
flooded corn continuously for 1, 4, and 8 days and 
intermittently for 4 days. They observed that flooding 
corn at preflowering stage reduced the yields 
significantly, and the longer the duration of flooding, the 
greater was the damage. Many other research workers 
have also reported that maximum crop damage was 
observed when inundation occurred at the early stages of 
growth (Ritter and Beer, 1969; Bhan, 1977; Chaudhary 
et al., 1975; Cannell et al., 1980; Fausey et al., 1985; 
Zolezzi et al., 1978; Howell et al., 1976, Singh and 
Ghildyal, 1980). 
Relationships to characterize crop yield response to 
excessive soil water conditions are needed to design 
drainage systems to maximize production, water use, 
and energy utilization (Morey et al., 1975). Sieben (1964) 
introduced the concept of the sum of exceedance value in 
water level, currently known as **Sum of Excess Water'* 
(SEW30), which relates yield reduction to the occurrence 
of high water tables. Hiler and Clark (1971) proposed 
methods to characterize crop susceptibility (CS) values in 
controlled situations and in the field. They also defined 
CS as an experimentally determined parameter which 
varies for each definable stage of growth from zero for 
the stage in which the crop is completely insensitive to 
stress, to higher values for stages when the crop yield is 
more sensitive to soil water stress. Evans and Skaggs 
(1984) and Evans et al. (1986) presented a normalized 
crop susceptability (NCS) concept for quantifying crop 
susceptibility to stress. They also developed relationships 
between relative yield (RY) and stress-day index (SDI) by 
using data from four other studies in the literature and 
NCS values obtained in North Carolina. Hardjoamidjojo 
et al. (1982) developed a relationship between RY and 
SDI for excessive soil water conditions for Ohio by using 
a set of crop susceptibility values for three crop growth 
stages given by Hiler (1979). Kanwar et al. (1988) studied 
the response of corn tq naturally fluctuating water tables 
by using the NCS values for five crop growth stages 
developed by Evans et al. (1986) for North Carolina. 
Recently, Mukhtar et al. (1988) presented another set of 
NCS values for four growth stages of corn by conducting 
experiments in 3 m x 6 m field-type lysimeters. 
The purpose of all these studies was to develop 
relationships indicating the impact of water table 
positions on crop yields or to determine the drainage 
requirements of crops indirectly. Inasmuch as most of 
these studies (except Kanwar et al., 1988) were 
conducted by flooding the crops for various days of 
flooding (DOF) at different growth stages either in the 
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field or in the lysimeters, these studies do not provide 
data for real field types of situations. The main objective 
of this study was to review the literature on CS factors 
and to evaluate the use of different sets of CS factors on 
developing relationships between SDI and RY of corn for 
the design of drainage systems. This article also 
compares different sets of CS factors and their 
corresponding NCS values for corn obtained from 
different locations representing different soil and 
climatic conditions. 
MATERIALS AND METHODS 
The data used in this paper on SEW30, RY, and CS 
values were taken from different studies reported in the 
literature (Chaudhary et al., 1975; Evans and Skaggs, 
1984; Evans et al., 1986; Joshi and Dastane, 1966; 
Kanwar et al., 1988; Kanwar, 1988; Mukhtar et al., 
1988; Ritter and Beer, 1969). These studies were 
conducted in different regions of the world. 
The major source of data on CS values was obtained 
from the results of field experiments in Iowa (Mukhtar et 
al., 1988; Ritter and Beer, 1969), North Carolina (Evans 
and Skaggs, 1984), and India (Joshi and Dastane, 1966; 
Chaudhary et al., 1975). Also, the CS factors estimated 
by Hiler (1979) based on unpublished data were used in 
this study. Insufficient information was available in the 
literature on CS values given by Hiler (1979). Three sets 
of CS factors (Mukhtar et al., 1988; Evans and Skaggs, 
1984; Hiler, 1979) and their normalized values were used 
separately to determine the stress-day index (SDI) values 
by using data on SEW30 from a field study conducted in 
Iowa (Kanwar et al., 1988). This field study was 
conducted under naturally excessive soil water 
conditions. Relationships were developed between SDI 
and RY for each set of CS and NCS values. Several 
statistical models were used to get a best fitted line 
(regression equation) for each combination of SDI and 
relative yield, and best-fitted models based on coefficient 
of determination (R?) were selected. Finally, statistical 
comparisons were made (for linear models only) to find 
out which of the crop susceptibility factors (CS or NCS) is 
most appropriate to be used in developing relationships 
between SDI and RY for drainage design. 
The following paragraphs give a brief summary of the 
experiments conducted in Iowa, North Carolina, and 
India. 
Iowa Studies 
Ritter and Beer (1969) conducted field experiments to 
study the response of corn to flooding. In these 
experiments, they used two rates of N application (a low 
rate of 55 kg/ha and a high rate of 390 kg/ha) and 
flooded the plots for 1, 2, and 3 days during three 
different crop stages. The experiments were conducted 
for two years (1966 and 1967) on Colo Soil (a floodplain 
soil) with permeable subsoil near Ames, Iowa. Data on 
CS values from plots receiving a low rate of N-fertilizer 
application were used in this study. 
Kanwar et al. (1988) conducted a field experiment to 
determine the response of corn to naturally fluctating 
water table conditions in an undrained are at the Iowa 
State University's Woodruff farm near Ames, Iowa. Fifty 
plots of 15 m X 15 m were established. Each plot received 
an equivalent of 168 kg N/ha. An observation well (180 
cm long, 3.8-cm-diameter plastic pipe with perforated 
sides and open bottom) was installed in the center of 
each plot to a depth of 165 cm for measuring the water 
table depths. One-year data from this study on SEW30 
and relative yield were used in this article. 
Mukhtar et al. (1988) obtained CS for four growth 
stages of corn by conducting experiments in 12, 3m x 6m 
field-type lysimeters. Plots were flooded once for 10 days 
during each growth stage. Data on CS factors from this 
study were used in this article. 
India Studies 
Joshi and Dastane (1966) and Chaudhary et al. (1975) 
studied the response of corn to waterlogging. Joshi and 
Dastane (1966) flooded com for 1, 4, and 8 consecutive 
days in the early growth stage before flowering and then 
in the early dough stage and, for 1 day at a time, on the 
37th^  47th^  65t\ and 76*^  day after planting. This study 
was conducted on sandy loam soil with medium fertility 
in New Delhi, India. 
Chaudhary et al. (1975) conducted a study using metal 
barrel lysimeters filled with silt loam topsoil having fine 
gravel at the bottom. The days of flooding in lysimeters 
varied from 1 to 6 days in 1971 and 1 to 4 days in 1972. 
They applied stress due to flooding at the 4-week stage, 
6-week stage, and 8-week stage. In 1972, additional 
lysimeters were submitted to single-submergence 
treatments of 1, 2, 3, and 4 days at the 2- and 8-week 
growth stages. N fertilizer at the rate of 140 kg/ha was 
applied to each lysimeter. This experiment was 
conducted in late July through October at the Punjab 
Agricultural University, Ludhiana, India. 
North Carolina (N.C.) Study 
Evans and Skaggs (1984) and Evans et al. (1986) 
conducted experiments using both lysimeters and field 
plots. Twenty four tanks (0.75 m x 0.75 m x 1.2 m each) 
were filled with loam and sandy loam soil. Each tank 
received an equivalent of 56 kg N/ha/yr before planting 
and 140 kg N/ha/yr from ammonium nitrate 35 days 
after planting (DAP). Five full-season corn seeds were 
planted in each tank and then thinned to three 
plants/ tank as soon as the healthy stands were 
established. All tanks except the control were fiooded 
once for 10 days at desired stages of growth. The water 
table was maintained at 0.75 m throughout the growing 
season except during the flooded days. Three years 
(1983-85) of data on CS factors collected by Evans et al. 
(1986) were used in this study. 
Evans et al. (1986) conducted a field study to evaluate 
different levels of stress at two growth stages (early and 
late vegetative). Two sets of eight plots (a total of 16 
plots) were flooded once for a duration of 2, 4, 6, and 8 
days at two different growth stages. Data for 1984 and 
1985 from these 16 plots were used in this paper. 
Stress-Day Index (SDI) Model 
The stress-day index (SDI) model used in this paper 
was introduced by Hiler (1969) to characterize the effects 
of deficient water stress on crop yields. This concept was 
proposed as a quantitative means of determining the 
degree of stress imposed on a crop during its growing 
season. The same concept could be used to measure the 
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degree of stress caused to plants under excessive soil 
water conditions. Ravelo et al. (1982) and 
Hardjoamidjojo et al. (1982) used this concept to 
characterize drainage requirements of crops. 
The SDI, under excessive soil water conditions, is 
determined by using SEW30 and CS values for different 
stages of crop growth and is computed by the equation 
were computed by using the equation 
.[1] SDI =S(SDi*CSi) 
i=l 
where N is the number of growth stages, i through N; SD 
is stress day factor; and CS is crop susceptibility factor. 
SD in equation [1] was taken as SEW30 by 
Hardjoamidjojo et al. (1982). 
Sieben (1964) used SEW30 concept to quantify the 
stress due to excessive wet soil conditions. He computed 
the SEW30 as 
SEW3o=i:(30-
i=l 
WTDi) .[2] 
where WTD is the daily water table depth on day i, and n 
is the number of days. 
For this computation, negative terms were neglected, 
and SEW30 values were expressed in cm-days. Sieben 
(1964) observed that crop yields were essentially at 
maximum levels if SEW30 values did not exceed 200 cm-
days. 
The CS factor is a function of plant species and growth 
stage of the crop. Hiler (1979) discussed two methods for 
the determination of CS. The most common one is to 
subject the crop to a specified critical level of stress (soil-
water conditions) at each of the physiological growth 
stages, which is different for different species, at 
different physiological growth stages. 
Most researchers have used five growth stages 
(establishment, early vegetative, late vegetative, 
flowering, and yield formation) to determine the CS 
factors for corn. The CS factors were calculated by using 
the equation 
C S i = ( X - X i ) / X .[3] 
where 
Xi 
X 
CS, 
= yield from stage i with excessive moisture 
stess, 
= yield from plots without any moisture stress, 
= CS value for growth stage i. 
Hiler and Clark (1971) and Hiler et al. (1974) observed 
that other uncontrollable factors (such as genotype, soil 
type, fertility, temperature, etc.) could affect the values 
of CS factors determined experimentally from one year to 
another. Evans et al. (1986) observed similar findings in 
their three years of study on corn. To overcome this 
problem, Evans and Skaggs (1984) and Evans et al. 
(1986) have proposed a concept of normalized crop 
susceptibility factors (NCS) using CS values. They found 
that this approach statistically eliminated the 
uncontrollable factors and allowed the analysis to 
concentrate on the influence of water stress only. The 
NCS factors, as defined by Evans and Skaggs (1984), 
NCSi = C S / 2 CSi [4] 
i=l 
where NCSj is the NCS factor for growth stage i. 
RESULTS AND DISCUSSION 
CS Factors for Com as Determined Under Various Days 
of Flooding 
The CS values obtained from various studies under 
different controlled days of flooding, either in lysimeters 
or under field conditions at different growth stages of 
corn, are presented in Table 1. This table also gives the 
average value of CS for each growth stage as a function of 
the number of days of flooding (DOF). This table 
indicates that CS values tend to increase with the 
increase in DOF except for Iowa and North Carolina's 
CS values for 10 days of flooding. India data (Chaudhary 
et al., 1975; Joshi and Dastane, 1966) show a very 
convincing trend that CS values tend to increase with the 
increase in the number of flooding days for four growth 
stages. But in the North Carolina, Evans et al. (1986) 
obtained a CS values of 0.58 under 8 days of flooding in 
the field and of 0.32 for 10 days of flooding in the 
lysimeters for the early vegetative stage. This shows that 
the CS values obtained in lysimeters could be totally 
different than the one obtained under field conditions. 
Iowa's field-type lysimeter study (as reported by 
Mukhtar et al., 1988) shows higher values of CS in the 
early vegetative stage and lower CS values in the late 
vegetative stage when compared with the North 
Carolina's CS values under similar flooding conditions 
(Table 1). These differences in CS values could be due to 
different soil and climatic conditions at two locations, 
but the differences are significant. 
Different regression models were applied to develop 
relationships between the mean CS values and the 
number of flooding days for each stage of corn, both by 
including and excluding Iowa and North Carolina's CS 
values for 10 days of flooding. The reason for excluding 
or including the CS values of flooding for Iowa (Mukhtar 
et al., 1988) and North Carolina (Evans et al., 1986) was 
to point out that these CS values, when included in the 
linear regression analysis, changed the slopes and R2 
values of the regression lines significantly (Tables 2 and 
3). Tables 2 and 3 give the best fitted models between CS 
and DOF on the basis of coefficients of determination 
(R2) for various growth stages. Table 2 and Fig. 1 show 
that, when CS values for 10 days of flooding from Iowa 
and North Carolina studies were excluded, the remaining 
data on CS values gave a very strong linear relationship 
between CS and DOF for each stage of corn; whereas, R^  
values and slopes of regression lines decreased 
substantially when data on CS values for 10 days of 
flooding from Evans et al. (1986) and Mukhtar et al. 
(1986) were included (Table 3 and Fig. 2). 
Crop susceptibility is an important factor to consider 
in the design of drainage systems. The CS factors can be 
determined in the field by exposing the crop to a critical 
level of stress at each of the physiological stages of 
development. One of the most difficult task for 
researchers has been to define "a critical stress level due 
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TABLE 1. Crop susceptibility factors (CS) for corn as a function of number of days of flooding 
(DOF) and growth stage 
Growth Stage 
Days of Flooding 
10 
Establishment 
(0-20 DAP* 
N.Cl 
INDl 
Average 
0.029 
0.029 
0.21 
0.21 
0.36 
0.36 
0.46 
0.46 
0.28 
0.28 
N.Cl 
Early Vegetative N.C2 
(20-40 DAP) 
ESDI 
IND2 
lAl 
IA2 
Average 0.14 
0.01 
0.17 
0.24 
0.26 
0.12 
0.26 
0.21 
0.25 
0.31 
0.28 
0.45 
0.36 
0.33 
0.38 
0.47 
0.47 
0.58 
0.54 
0.56 
0.32 
0.64 
0.48 
Late Vegetative 
(40-60 DAP) 
N.Cl 
N.C2 
IND2 
lAl 
IA2 
Average 
0.17 
0.17 
0.31 
0.07 
0.19 
0.19 
0.22 
0.22 
0.22 
0.41 
0.33 
0.37 
0.55 
0.55 
0.66 
0.66 
0.65 
0.44 
0.54 
Flowering 
(60-80 DAP) 
N.Cl 
IND2 
L\l 
IA2 
Average 0.11 
0.15 
0.07 0.08 
0.08 
0.10 
0.10 
0.25 
0.25 
0.37 
0.37 
0.36 
0.15 
0.26 
Yield Formation 
(80-100 DAP) 
N.Cl 
L\2 
Average 
0.10 
0.19 
0.15 
*DAP = Days after planting 
Note: N.Cl = Evans et al. (1986) lysimeter study; N.C2 = Evans et al. (1986) field Study; INDl = 
Chaudhary et al. (1975); IND2 = Joshi and Dastane (1966); lAl = Ritter and Beer (1969); IA2 = 
Mukhtaretal.(1988) 
to excessive wet conditions" for each growth stage. 
Indeed, all studies conducted to date do not provide 
adequate data to quantify the critical stress level. Data 
on CS factors from various studies, as presented in Table 
TABLE 2. Relationships between mean values of crop susceptibility (CS) 
and number of days of flooding at difTerent stages 
of corn growth* 
Crop Stage 
Establishment 
(0 - 20 DAP) 
Type of best Regression Equation R -Value 
fitted reg. equation 
Early Vegetative 
(20-40 DAP) 
Late Vegetative 
(40 - 60 DAP) 
Flowering 
(60 - 80 DAP) 
CS = -0.096 + 0.144X+ 
CS = 0.097+ 0.061X 
CS = 0.05 + 0.077X 
CS = 0.024+ 0.043X 
0.98 
0.98 
0.96 
0.85 
1, should be treated as preliminary rather than final CS 
values for corn crop. But the data given in Table 1 could 
be used to develope relationships between CS and DOF 
for each growth stage to determine a possible value of 
critical stress level. Table 1 includes data on CS factors 
for a maximum stress level equivalent to 10 days of 
flooding by Evans et al. (1986) and Mukhtar et al. 
(1988). But there is no conclusive evidence that 10 days 
c 
R 8.594 
0 
P 0.528 
S 0.462 
S 8.3% 
C 
£ 0.330 
P 
T 0.264 \ 
I 
B 0.198 t 
I 
L 0.132 
T 
y 0.066 
1.000 
^ • q . i .AE 
. . ' n a E 
/X 
, / ^ 
y 
tablishmeiu S 
rly Vegetativ 
te Vegetative 
owerlng Stage 
cage 
e Stage 
Stage 
*after Excluding CS values of North Carolina (Evans et al., 1986) and Iowa 
(Mukhtar etal., 1988) 
L = linear regression 
$X = number of days of flooding 
3 4 5 
FLOODING m% 
Fig. 1—Relationships between the number of days of flooding and crop 
susceptibility factors (CS) by excluding the Iowa (Multhtar et al., 1988) 
and North Carolina (Evans et al., 1986) CS factors. 
1982 TRANSACTIONS of the ASAE 
TABLE 3. Relationships between crop susceptibility factors (CS) and number of days of 
flooding at different stages of corn growth* 
Crop Stage and 
growth stage 
Establishment 
(stage 1) (0-20 DAP) 
Early Vegetative 
(stage 2) (20-40 DAP) 
Late Vegetative 
(stage 3) (40-60 DAP) 
Flowering 
(stage 4) (60-80 DAP) 
Type of best fitted 
regression equation 
P(2-degree) 
Linear 
I (X&Y)* 
P(2-degree) 
Linear 
I(X&Y) 
P(2-degree) 
Linear 
Power function 
P (2-degree) 
Linear 
Regression Equation R 2-Values 
CS = .193 + .24^- .019X^ 
CS = .21+.816X 
CS = X/(-6.66X +37.13) 
CS = .002 + .13X - .0075? 
CS = .152 + .04X 
CS = X/(1.31X + 6.04) 
CS = -.03 + .133X-007^ 
CS = .12 + .05X 
CS = .142X + 0.65 
CS = -0.026 + 0.08IX - .005^ 
CS = .072 + .026X 
0.99 
0.12 
0.84 
0.97 
0.83 
0.98 
0.90 
0.82 
0.87 
0.65 
0.65 
*by Including CS Values Obtained by Evans et al. (1986) and Mukhtar et al. (1988) 
' P = Polynomial 
*I = Inverse 
^X = DOF 
DAP = days after planting 
of flooding is the critical stress level. Therefore, more 
experiments need to be conducted to study the response 
of crops at various growth stages to more than 10 days of 
flooding. 
Graphic relationships of regressed lines were drawn to 
evaluate the susceptibility of com for each growth stage 
as a function of DOF (Fig.s 1 and 2). According to the 
pooled data of CS values (including all available data), as 
shown in Fig. 2, which represent a variety of soil and 
climatic conditions, the most susceptible stage of corn to 
flooding is the late-vegetative stage (stage 3). But when 
the data from North Carolina's lysimeter study (Evans 
and Skaggs, 1986) are excluded, the most susceptible 
stage of corn is the establishment stage. Data on CS 
values for stage 1, as a function of different DOF, were 
collected in only one study describing the sensitivity of 
stage 1 to flooding (Chaudhary et al., 1975). Thus, 
c 
R e 
0 
P 8 
s e 
u 
s e 
c 
E e, 
p 
T e, 
I 
B I 
I 
L 8 
T 
3 4 5 
FLOODING DAVS 
Fig. 2—Relationships between the number of days of flooding and crop 
susceptibility factors (CS) by including the Iowa (Mukhtar et al., 1988) 
and North Carolina (Evans et al., 1986) CS factors. 
because of lack of data on CS as a function of DOF for 
stage 1, it is difficult to conclude whether first stage is the 
most critical stage for corn or not. 
Comparison Between CS and NCS Factors 
Various sets of CS values and their corresponding NCS 
values, as obtained by three different studies, are 
presented in Table 4. Hiler (1979) gave CS values for only 
three growth stages (stage 1, stage 3, stage 5) that are 
significantly higher than the other CS values (Table 4). 
The CS and NCS values for Iowa and North Carolina are 
also different from each other for all stages of corn. 
When the sum of CS values for all stages in any study is 
less than unity, the normalizing technique increases the 
NCS values, and the reverse is true when the sum of CS 
values is more than unity (Table 4). A better comparison 
should be possible if CS values are available for different 
locations for same number of growth stages of corn. 
Evans et al. (1986) also reported that the NCS concept 
gave favorable comparisons for the field and lysimeter 
studies when same number of growth stages are 
compared. 
Effect of Crop Susceptibility Factors (CS and NCS) on 
the Relationship Between SDI and Relative Yield (RY) 
Only one set of field data was available from Iowa in 
the literature where the response of corn growth was 
studied under naturally fluctuating water table 
conditions rather than under controlled flooding 
(Kanwar et al., 1988). The data for 1986 from this study 
were used to study the effect of CS factors on the 
development of relationships between SDI and RY. The 
reason for using this data set on SEW30 was that the data 
were collected under field conditions and not in the 
lysimeters, and excessive wet conditions were observed in 
the field during the entire growing season of 1986. 
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TABLE 4. Different sets of crop susceptibility factors (CS) and normalized crop 
susceptibility factors (NCS)* 
Establishment Early Vegetative 
(0-20 DAP) (20-40 DAP) 
HI 0.51 (0-42 DAP) 
R t _ 
N.C.* 0.28 
H^0.51 (0.42 DAP) 
lA -
N.C. 0.16 
0.64 
0.32 
0.45 
0.19 
Late Vegetative Flowering Yield 
(40-60 DAP) (60-80 DAP) 
0.33 (42-80 DAP) 
0.44 
0.65 
pC Volnr? 
0.38 (42-80 DAP) 
0.31 
0.38 
0.15 
0.36 
0.11 
0.21 
Formation 
(80-100 DAP) 
0.19 
0.10 
0.03 
0.14 
0.06 
•Values for different growth stages 
'^ IA = Mukhtaretal. (1988) 
*N.C. = Evans etal. (1986) 
^HI = Hiler(1979) 
Three sets of CS factors and their corresponding NCS 
factors from Iowa (Mukhtar et al., 1988), North Carolina 
(Evans and Skaggs, 1984), and as reported by Hiler 
(1979) were used separately to develop relationships 
between SDI and RY and to make statistical 
comparisons. 
Table 5 gives equations for two best-fitted models 
between SDI and RY (linear and exponential) for Iowa 
by using each of the three sets of CS and their normalized 
values. The coefficient of determination (R2) obtained 
for each regression equation was also calculated and is 
given in Table 5. This table shows clearly that no 
significant improvement in R2 values was obtained when 
NCS factors were used instead of CS factors from the 
same set. Indeed, sometimes the use of NCS factors seem 
to decrease the R^  values. This indicates that the 
TABLE 5. Relationships between stress day index (cm-days) and relative yield for different 
sets of CS and NCS values* 
Type of Crop 
Susceptibility 
Values 
(CSorNCS) 
5-Stages NCl^ for 
North Carolina 
(Evans et al., 1986) 
5-Stages for 
North Carolina 
(Evans et al., 1986) 
4-Stages NCS for 
Iowa 
(Mukhtar et al., 1988) 
4-Stages CS for 
Iowa 
(Mukhtar et al., 1988) 
3-Stages NCS 
by Hiler (1979) 
3-Stages CS 
by Hiler (1979) 
Location of 
SEW3oData 
Iowa 
Iowa 
Iowa 
Iowa 
Iowa 
Iowa 
Type of 
Statistical 
Model 
L* 
E§ 
L 
E 
L 
E 
L 
E 
L 
E 
L 
E 
Regression 
Equation 
RY = 0.89 
RY = 0.94e 
RY = 0.91 
RY = 0.95 e 
RY = 0.91 
RY = 0.95 e 
RY = 0.91 
RY = 0.95 e 
RY = 0.91 
RY = 0.97 e 
RY = 0.90 
RY = 0.95 e 
- 0.0036X 
- 0.007X 
- 0.0015X 
-0041X 
- 0.0026X 
- 0.005X 
- 0.0018X 
- 0.0034X 
- 0.0015X 
- 0.0027X 
- 0.0018X 
- 0.0032X 
R^-Value 
0.86 
0.87 
0.87 
0.89 
0.86 
0.81 
0.86 
0.82 
0.86 
0.82 
0.79 
0.72 
•using SEW30 Data from Iowa (Kanwar et al., 1988) 
^NCS = Normalized Susceptibility Factors 
*L = Linear 
^E = Exponential 
"cS = Crop Susceptibility 
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SDI (lOMft) FOR PIFFEKENT SETS OF CS 
95 143 190 238 285 
STRESS DflV INDEX (CM-DAVS) 
380 428 
Fig. 3—Relationships between the observed relative yield and stress-
day index for the different sets of crop susceptibility factors (Hiler, 
1979; Mukhtar et al., 1988; Evans et al., 1986) when SEW30 values 
were used from Iowa (Kanwar et al., 1988). 
relationships between RY and SDI are not improved by 
using the NCS values over CS values. 
To observe the effect of various CS and NCS factors on 
SDI, linear regression models were plotted graphically 
and are shown in Fig.s 3 and 4. Linear regression lines 
between SDI and RY were drawn by using the SEW30 
data from Iowa (Kanwar et al., 1988) and CS factors 
from Iowa (Mukhtar et al., 1988), North Carolina (Evans 
and Skaggs, 1986) and reported by Hiler (1979) and are 
plotted in Fig. 3. Statistical analysis of the slopes of the 
regression lines, shown in Fig. 3, indicate that no 
significant differences existed between them. 
Figure 4 shows the relationships between RY and SDI, 
calculated by using SEW30 and RY data from Iowa and 
NCS values from Iowa, North Carolina, and given by 
Hiler (1979). Although all these lines originate from the 
same point on the ordinate, but start dispersing as they 
move away from the ordinate. When this dispersion 
among the lines is compared between Fig. 3 (using CS 
factors) and Fig. 4 (using the corresponding NCS 
factors), the level of dispersion is much greater in Fig. 4 
than in Fig. 3. Also statistically, the three regression 
models shown in Fig. 4 are significantly different from 
each other (Table 5). This analysis clearly shows that the 
SDI (lOUA) FOK DIITOENT SOS OF NCS 
182 154 205 2% 307 
STRESS m INDEX (CM-DftyS) 
358 410 461 512 
Fig. 4—Relationships between the observed relative yield and stress-
day index for different sets of normalized crop susceptibility factors 
from Iowa (Mukhtar et al., 1988), North Carolina (Evans et al., 1986), 
and Hiler (1979) when S£W3o values were used from Iowa (Kanwar et 
al., 1988). 
relationships developed between SDI and RY for a given 
location by using CS factors will be significantly different 
from the similar relationships developed by using the 
corresponding NCS factors. 
The results shown in Fig. 3 suggest that the use of CS 
factors from other locations should be acceptable if local 
CS factors are not available. When CS factors from three 
different locations in the U.S. were used with SEW30 and 
RY data from Iowa to develop relationships between SDI 
and RY (Fig. 3), no statistical difference was found 
between the regression models. These results suggest 
that it is possible to use CS factors from other locations 
to calculate the SDI values if local SEW30 values are 
available. 
CONCLUSIONS 
Literature on the effects of excessive soil water 
conditions on the growth of com was reviewed from six 
different studies. The main objective of all these studies 
was to determine the drainage requirements of the corn 
crop. Data on excessive soil water conditions (SEW30), 
relative yield (RY), and crop susceptibility factors (CS) 
were collected from each study. The CS values for 
different number of days of flooding (DOF), as obtained 
in these studies, were compared. Growth stages 1 and 3, 
establishment and late-vegetative stages, respectively, 
were more sensitive to excessive wet conditions in 
comparison with the other three stages (early vegetative, 
flowering, and yield formation). The CS and their 
corresponding normalized values (NCS) obtained in 
three studies (Iowa, Hiler, and North Carolina) were also 
compared. The results of this study indicated that each 
set of CS and their corresponding values of NCS gave 
statistically different relationships between SDI and 
relative yield (RY). 
The effects of CS and their corresponding NCS values 
on the relationship between SDI and RY were also 
studied. Data on SEW30 from Iowa, which were obtained 
under field conditions, were used for this purpose. 
Several statistical models were applied to get the best-
fitted regression equation for each combination of SDI 
and RY. The best-fitted models were selected on the 
basis of coefficients of determination (R?), No significant 
improvement in R2 values were obtained when NCS 
factors were used instead of CS factors. In some cases, 
the use of NCS factors seems to decrease the R^  values, 
indicating that there are no significant advantages in 
using the NCS values over CS values. The results of this 
study indicate that the use of CS factors from other 
locations should be acceptable if local SEW30 factors are 
available. 
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